Carpal coalitions are uncommon and are frequently asymptomatic. 15 Patients with persistent symptomatic scaphotrapeziotrapezoid (STT) carpal coalitions unresponsive to six months of conservative treatment with no history of trauma went for further investigations. CT scans and bone scans revealed that coalition was the only abnormality to account for the patient's ongoing problems. The senior authors explored the carpal coalition surgically excising the affected region and interposing capsular fibrous tissue. Histologically partial bony and cartilaginous bridging was evident with no features of degenerative arthritis being noted. Good or excellent subjective results were achieved in all patients at final review an average of 2.7 (1.0 -4.2) years after surgery. All patients described significant reduction in visual analogue pain scores from an average of 71.5 to 18.4 points. The Green and O'Brien wrist scores improved from a mean of 58.2 to 94.2, with all patients returning to work with improved function. Normally carpal coalition is treated with arthrodesis or excision of part of the carpus. A further treatment option is outlined here with recreation of the joint space in symptomatic, isolated, nonsyndromic scaphotrapezio-trapezoidal coalition.
carpal bones. There is now substantial support in the literature for non-syndromic isolated scaphotrapeziotrapezoid carpal coalitions going onto causing patients persistent pain, loss of motion and function in the wrist [2] [3] [4] [5] [6] [7] . Others have generally treated such problems that fail to respond to conservative management with arthrodesis to augment the fusion [8] [9] or symptomatically treat any fracture through a coalition [4] [5] . Five bony synostoses were taken down in this series and capsular tissue was interposed to improve patient's symptoms with good results. The authors recommend this as another option for treating this rare but disabling condition.
Materials and Methods
We had five cases with an average age of 34.2 (19 -43) years at the time of surgery presented with persistent wrist pain with no specific history of trauma to the hand. There were three men and two females and all were in full time employment with two working in factories on a production line and three in construction. In keeping with presentations previously documented in the literature three of these cases had pain brought on by use, especially during employment with symptoms settling after cessation of these activities [10] [11] .
The three patients with activity related pain all worked in factories and had been symptomatic for an average of seven (five, seven, nine) months. There had been no previous injury to the wrist. All three were referred to the senior authors by the patient's local medical provider with a dorsal wrist ganglion rather than because of wrist pain. The patient was subsequently noted to also have reproducible pain and a radiograph obtained that indicated the possibility of carpal coalition of the STT joint.
Two other patients presented with trauma but to other parts of the limb and were found to have a carpal coalition at the same time that subsequently remained symptomatic for six months before the patient's requested further treatment. This is in keeping with previous reports, for example, Ingram et al. in 1997, reported an STT coalition as an incidental finding whilst investigating a fifth metacarpal fracture in a young male.
One of the first patients treated in this series illustrates this presentation. A thirty four year old lady presented with a sore left forearm having been kicked in the forearm three weeks earlier by a horse. There was specific injury to that thumb but tenderness over the flexor pollicis brevis tendon was noted on ex- of the STT joint. Multiple projections [12] [13] are often required and care must be taken not to confuse true congenital coalitions with fusions secondary to acquired disease [14] .
CT scans ( Figure 6 ) performed in all patients additionally showed the close apposition between the scaphoid, trapezium plus trapezoid and demonstrated the lack of a clear synovial joint articulation. All patients in this series also had a preoperative technetium 99 radionuclide bone scan ( Figure 7 ) which typically show increased uptake in the triscaphe area but not specifically at the site of the articulations between these bones. This investigation helped to confirm that the patient's symptoms were not related to arthritic changes or to pathology arising from elsewhere within the wrist.
Carpal coalition diagnosis is difficult and while suggested by the history, examination and imaging should be confirmed by histological assessment and the findings at surgical exploration.
Surgical Technique
The scaphotrapeziotrapezoid joints can be approached in a number of ways depending on the exact location of the coalition. In this series the bony linkages were predominantly between scaphoid and trapezium, being approached through a curved incision on the dorsoradial aspect of the thumb metacarpal and wrist similar to that described by Wagner, 1950 [15] . To expose the trapezium and scaphoid the tendons of extensor pollicis brevis and abductor pollicis longus can be retracted to one side. This can be facilitated by partially stripping the soft tissue from the proximal end of the metacarpal. Alternatively if the coalition lies posteriorly a dorsal approach over the STT area is made via a longitudinal or transverse incision. The branches of the superficial radial nerve and veins are retracted. The extensor retinaculum is opened in line with the tendon of the extensor pollicis longus. The STT joint is exposed by opening the wrist capsule between the first and second dorsal tendon compartments. Care should be taken when using both approaches not to damage the radial artery or its branches. The coalition can then be approached directly ( Figure 8 ) and the affected area excised to reveal the remaining portion of normal joint ( Figure 9 ). Fluoroscopic examination is used to confirm the site of the coalition prior to excision. At operation, the excised STT synchondrosis was sent for histological assessment and resection of the distal 3 -4 mm of the scaphoid was performed. The joint capsule was used as an interposition graft in the space that remained.
Wounds were closed with re-absorbable suture and the wrist was immobilised in plaster for six weeks and then a removable splint used for the following six weeks.
Following surgery gentle mobilisation was permitted within the patient's pain tolerance. Return to light duties was recommended from eight weeks and heavy manual labour was avoided for a minimum of three months.
Results
Prior to surgery four patients could be categorised as having fair wrist function and one poor based on the modified Green and O'Brien, 1978 [16] wrist scores.
All patients (Table 1) had a minimum follow up of one year with an average of 31 (12 -50) months. The results are summarized in Table 2 . Pain and functional discomfort were alleviated in all cases. This is reflected by the improvement in the average wrist score following surgery which had increased by 36 points at the All patients were satisfied with the outcome and would have repeated the surgery. Two patients', although content with the improvement of function, pain levels and grip strength were not completely satisfied with the level of wrist motion compared to the other arm.
Grip strength averages improved from 18 to 35 kilograms, which was similar to the opposite limb. Key pinch strengths were 40% preoperatively and 85% fol- 
Discussion
Carpal coalitions are most commonly incidental findings. Unlike tarsal coalitions they are usually asymptomatic. When symptomatic they are one of the differential diagnoses included in wrist pain. [20] . 32 were lunotriquetral coalitions, 2 Figure 10 . Radiographic appearances at a year showing preservation of the interposition and no loss of carpal angles.
were capitohamate, 1 scapholunate and 1 trapeziocapitate. All were incidental findings and the patients denied previous injury, infection or wrist dysfunction.
It was concluded that unlike tarsal coalitions, carpal coalitions were all asymptomatic, incidental findings which did not lead to wrist dysfunction.
A whole spectrum of synchondrosis exists ranging from partial to complete fusion, depending on the degree of formation of the articular cartilaginous elements [18] .
In 1952, de Villiers Minaar [8] published a classification of lunate-triquetral coalition from a series of 12 cases based on the degree of fusion and associated anomalies. Type 1 is a proximal pseudoarthrosis of the lunotriquetral junction.
Type 2 is a proximal osseous bridge with a distal notch. Type 3 is a complete fusion. Type 4 is a fusion with associated anomalies. The Minaar classification is useful for classifying coalitions between other carpal bones.
Of the four types of coalition, it appears that only Type 1 is likely to become symptomatic [2] . This may be as a result of the cartilaginous destruction that occurs secondary to intercarpal motion at the pseudoarthrosis. Type 1, with movement across an incomplete synostosis can cause degeneration of abnormally thin cartilage and therefore painful arthritis [12] . Types 2 -4 allow no motion and therefore tend to be symptomatic when associated with a fracture [6] .
An incomplete coalition resembling a pseudoarthrosis (Type 1 coalition) is not easily diagnosed and is likely to be missed by plain radiographic examination [21] . Multiple projections [12] are often required and care must be taken not to confuse true congenital coalitions with fusions secondary to acquired disease [14] .
In Delaney's series [1] , of the 32 lunotriquetral coalitions, 1 was Minaar type 1, 20 were Minaar type 2 and 11 were Minaar type 3. These results and other reports [22] show that the coalition may not always be complete. Abnormal differentiation in the interzone may allow cartilaginous continuity to occur without intervening synovial tissue producing incomplete coalition [2] .
Isolated lunato-triquetral coalition is the most common, followed by capi- An association with foetal alcohol syndrome is also documented [24] .
Isolated coalitions of the scaphoid with trapezium and trapezoid (ST/STT) in otherwise healthy individuals are rare. Unlike other isolated coalitions in the literature these involve bones in both the proximal and distal carpal rows, though they can be considered to be in the lateral column of the wrist. STT coalitions have been associated with bilateral lunate-triquetral coalition [25] , hand-footuterus syndrome [26] , otopalatadigital syndrome [27] and hereditary symphalangism [28] .
There are only five reports in the literature that appear to be isolated non- The five cases presenting to our unit were isolated, nonsyndromic coalitions.
The patients were otherwise healthy individuals who presented with wrist pain after suffering minor trauma to the affected wrist. Radiographs showed the coalition ( Figure 1 , Figure 5 ) and this was confirmed on CT scan (Figure 2 , Figure   6 ) to exclude any other pathology. One patient was noted to have bilateral radiographic evidence of a coalition, though he was symptomatic on the limb previously affected by trauma. It has already been mentioned that the abnormal joints formed by the coalition are predisposed to become symptomatic after injury due to the altered configuration of the articulation and may account for the patient only experiencing symptoms on one side.
Five failed to respond to six months of conservative management and underwent operative management. These patients had resection of the coalition (all STT), with limited resection of the distal scaphoid. Distal scaphoid resection has been described [30] for the treatment of symptomatic STT arthritis and was thought by the authors to be a sensible way of improving symptoms in these patients, not only helping to preserve range of motion and function but also pain.
All had a capsular interposition graft.
Summary
Isolated STT coalition is rare and generally asymptomatic. However, the coali-tions may predispose or lead to symptomatic pathology following trauma or excessive load to the affected wrist. Most cases can be treated conservatively but persistent symptoms may require operative intervention. Limited resection of the distal scaphoid with excision of the coalition may be another treatment option when symptoms fail to settle with non-operative treatment.
